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I. Background – Connectivity Principles 
 

II. Sage Grouse Connectivity Project 

Sage Grouse Connectivity Outline 



WHY DO WE CARE ABOUT GENE FLOW 
AND MOVEMENT OF ANIMALS? 

GENE FLOW Overview 



Overview 
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Milk production per cow per lactation increased 
from 17,444 lbs to 25,013 lbs from 1978 to 1998 
for the Holstein breed.  
 
High producing cows are increasingly difficult to 
breed and are subject to higher health costs than 
cows of lower genetic merit for production. 

LIVESTOCK BREEDERS HAVE KNOWN OF THE 
DANGERS OF CLOSE RELATED BREEDING 

(Cassell, 2001) 

Overview 



• Inbreeding of Populations 
 

•Loss of genetic diversity  
 

•Depression of Population Fitness 
 

• Suite of Demographic Problems Arise 
   (As a consequence of inbreeding or alone) 
 
• Increase in Extinction Risk 

WITHOUT MOVEMENT AND GENE FLOW Overview 



SOLUTION:  OUTCROSSING – MANY APPROACHES 
Overview 



MOST EFFECTIVE IS THROUGH GOOD LAND 
STEWARDSHIP FOSTERING CONNECTIVITY 

Overview 



NEWS IS FILLED WITH ACTIONS AIMED AT 
INCREASING WILDLIFE CONNECTIVITY! 

Overview 



GENE FLOW IS THE INCORPORATION OF 
GENES INTO THE GENE POOL OF ONE 

POPULATION FROM OTHER POPULATIONS  

GENE FLOW Overview 

GENE FLOW A B 



HOW MUCH GENE FLOW IS ENOUGH? Overview 



Overview GENE FLOW 

ARE ANIMALS MOVING (AND BREEDING) FROM ONE AREA TO 
ANOTHER? 



Overview 



Overview 



Overview 



Overview 



Overview HABITAT FRAGMENTATION 





Overview HABITAT FRAGMENTATION 



HABITAT FRAGMENTATION Overview 

Fragmentation & 
Removal 

Increased Isolation & 
Population Size 

Reduction 

Reduced Movement & 
Inbreeding 

Reduced Gene Flow & 
Loss of Genetic 

Diversity 



Overview GREATER PRAIRIE CHICKEN 



<50 individuals 

>100,000 individuals 

>100,000 individuals 

>4000 individuals 

(Bouzat et al. 2008a, Bouzat et al. 2008b) 

Overview GREATER PRAIRIE CHICKEN 



(Westemeier et al. 1998) 

Demographic Data 
 Population Size 
 1933:     25,000 
 1962:       2,000 
 1993:  50 
 
 Hatching Success Rate 
 1960 – 90% 
 1990 – 74% 

GREATER PRAIRIE CHICKEN IN ILLINOIS 
Overview 



SMALL POPULATION SIZE 
Small population size 

Increased inbreeding 

↓ individual 
fitness 

Further reduction 
in population size 

Overview 



35 alleles 

31 ↓ to 21 alleles 
35 alleles 

(Bouzat et al. 2008a, Bouzat et al. 2008b) 

32 alleles 

Overview 
GREATER PRAIRIE CHICKEN IN ILLINOIS 



Introduction Effort  
Hatching Rate Success ↑ for MN x IL & KA x IL to 94% 

(Westemeier et al. 1998) 

Genetic Data 
1960-1990 Genetic Variation Declined 30%  

GREATER PRAIRIE CHICKEN IN ILLINOIS 
Demographic Data 
 Population Size 
 1933:     25,000 
 1962:       2,000 
 1993:  50 
 
 Hatching Success Rate 
 1960 – 90% 
 1990 – 74% 

Overview 



(Connelly et al. 2004 after Schroeder et al. 2004) 

RANGE CONTRACTION & FRAGMENTATION Overview 
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13 CORE BREEDING AREAS Overview 



TO DELINEATE GREATER SAGE-GROUSE 
CONSERVATION UNITS TO CONSERVE THE 

GENETIC STRUCTURE, CONNECTIVITY, AND 
GENETIC VARIATION ACROSS A CHANGING 

LANDSCAPE 

OVERARCHING GOAL: 
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SAMPLING UNIT – THE LEK General Methods 



NORTHEASTERN RANGE 
General Methods 



General Methods 
SAMPLING EFFORT 

 State Total Leks Total Feathers 
ID 224 2686 

MT 467 5730 
ND 9 221 
SD 18 318 

TOTAL 718 8955 



RANGE-WIDE GENETICS 
Extended Application 



RANGE-WIDE SAMPLING 

(image  courtesy of Steve Knick) 

Extended Application 



DNA EXTRACTION & PROCESSING 
General Methods 

Extracted Amplified Individuals 
Current 3792 2911 1620 

Expected 5000 5000 3500 



DEVELOP HIGH RESOLUTION GENETIC MARKERS 
FOR INCREASED POWER OF ANALYSIS. 

Goal 1 



Goal 2 

IDENTIFY POPULATION STRUCTURE. 



PREVIOUS GENETIC RESEARCH Goal 2 

(Oyler‐McCance et al. 2005) 
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Goal 2 a. Does genetic population structure exist? 

(Funk et al 2012) 



Goal 2 b. Where are the major breaks in genetic continuity? 



Goal 2 

(Funk et al 2012) 

c. What is the genetic composition of each 
subpopulation? 



NORTHEASTERN RANGE 
Goal 2 



Goal 3 

ASSESS OF THE EFFECT OF LANDSCAPE FEATURES 
ON GENE FLOW 



Disturbance reduces lek attendance leads to extirpation 
        (Knick et al. 2013) 

rivers 
roads 

cultivated cropland 
energy development 
sagebrush land cover 
conifer encroachment 

human population density 

Goal 3 LANDSCAPE DISTURBANCE 

(Patterson 1952 ; Remington & Braun 1991; Lyon & Anderson 2003 ; Holloran & Anderson 2005 ; Aldridge et al. 2008; 
Knick & Hanser 2011; Johnson et al. 2011; Johnson et al. 2011) 



LANDSCAPE CONNECTIVITY 

GENE FLOW 

gene flow 

A B 

A B 

Goal 3 



Goal 3 CONNECTIVITY MAP CREATION 



Goal 3 CONNECTIVITY MAP CREATION 



Goal 4 

MODEL THE RELATIVE IMPORTANCE OF EACH LEK 
TO MAINTAINING POPULATION CONNECTIVITY 
AND PERSISTENCE. 



Goal 4 REAL-WORLD NETWORKS 



(Bunn et al. 2000) 

GRAPH STRUCTURE - WILDLIFE Goal 4 



Goal 4 NETWORK RESILIENCY 
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